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© A semiconductor device comprising a silicon 
layer (2) of a first conductivity type, which is dis- 
posed on a dielectric substrate (t) and in which at 
least two zones (17,18) of a semiconductor circuit 
element of a second opposite conductivity type and 
a contact 2one (10) having the same conductivity 
type as, but a higher doping concentration than the 
silicon layer (2) are provided, which zones (10,17,18) 
adjoin a surface (3) of the silicon layer (2). According 
to the invention, the contact zone (10) extends below 
the zones (17,18) of the field effect transistor. Thus, 
it is counteracted that at an interface (60) of the 
silicon layer (2) and the substrate (1) a channel is 
i— formed which shortcircuits the zones (17,18). More- 
^over, the semiconductor device thus has a constant 
qq threshold voltage. 
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Semiconductor device and method of manufacturing same". 



The invention relates to a semiconductor de- 
vice comprising a silicon layer of a first conductiv- 
ity type, which is disposed on a dielectric substrate 
and in which at least two zones of a semiconductor 
circuit element of a second opposite conductivity 
type and a contact zone having the same con- 
ductivity type as. but a higher doping concentration 
than the silicon layer are provided, which zones 
adjoin at least substantially the surface of the sili- 
con layer. 

The invention further relates to a method of 
manufacturing such a semiconductor device. 

Such a semiconductor device of the SOI 
(Silicon On Insulator) type has in comparison with 
semiconductor devices having a semiconductor cir- 
cuit element provided in a silicon substrate many 
advantages. A few of these advantages are the 
lower radiation sensitivity, a higher speed and a 
higher packing density (especially in three dimen- 
sionally integrated circuits). 

The semiconductor circuit element may be of 
many different types, such as, for example, a bi- 
polar transistor, a thyristor and a field effect transis- 
tor. In all these types of semiconductor circuit 
elements, the invention can advantageously be 
used. However, the invention more particularly re- 
lates to a semiconductor device comprising as the 
semiconductor circuit element a field effect transis- 
tor, whose source and drain zones are the zones of 
the second conductivity type. The invention will 
therefore be described hereinafter mainly with ref- 
erence to a semiconductor device comprising a 
field effect transistor as the semiconductor circuit 
element 

A semiconductor device of the kind mentioned 
in the opening paragraph, in which the semicon- 
ductor circuit element comprises a field effect tran- 
sistor, is known from Japanese Kokai No. 57- 
27069. In the semiconductor device described 
herein, the substrate consists of sapphire, on which 
a p-doped monocrystalline silicon layer is dispos- 
ed? n * doped source and drain zones of the field 
effect transistor are located in the silicon layer. In a 
region arranged laterally of the drain zone, the 
silicon layer has throughout its thickness a higher 
doping concentration than, at the remaining areas. 
This region constitutes the contact zone, by means 
of which the silicon layer can be contacted at the 
surface. 

By means of the contact zone, the silicon layer 
can be applied to a fixed potential. If a given fixed 
voltage is also applied to £ gate electrode of the 
field effect transistor, there is a fixed potential 
difference between the gate electrode and the sili- 
con layer. A given switching condition of the tran- 



sistor is associated with this potential, difference. 
When now the silicon layer is held at a fixed 
potential, the switching condition only depends 
upon the voltage applied to the gate electrode, 
s In the known semiconductor device described, 

a parasitic channel can be formed at an interface of 
the silicon layer and the substrate. This channel is 
obtained due to attraction of minority charge car- 
riers from the silicon layer to the substrate. Espe- 
io cially in the case of a substrate of silicon oxide and 
a p-doped silicon layer disposed thereon, this phe- 
nomenon can occur. At the interface between the 
silicon oxide substrate and the silicon layer, a tran- 
sitional region with regard to both crystal structure 
is and stoichiometry from amorphous silicon oxide to 
crystalline silicon is present. In this region, a fixed 
positive charge can be formed in the silicon oxide. 
Due to this positive charge, electrons are attracted 
from the £-type silicon layer to the substrate, as a 
20 result of which a channel of electrons shortcir- 
cuiting the n-type zones of the semiconductor cir- 
cuit element is formed in the silicon layer. How- 
ever, also in the case of an n-doped silicon layer or 
in other crystal structures of the silicon, such a 
25 formation of a parasitic channel may occur, for 
example under the influence of conductors which 
are located below the semiconductor region and 
which have a different potential from that of the 
silicon layer, as a result of which holes or electrons 
30 are attracted from the silicon layer to the substrate. 
Due to the advancing integration and the reduction 
of semiconductor devices associated therewith, this 
channel formation gives rise to an increasingly 
more serious problem because it seriously affects 
35 adversely the operation of the semiconductor cir- 
cuit element. 

Furthermore, in a semiconductor device of the 
kind mentioned in the opening paragraph, a further 
problem can arise when the semiconductor circuit 
40 element comprises a field effect transistor. During 
operation of the transistor, in fact a potential is 
applied to a gate electrode of the transistor. As a 
result a region in the silicon layer below the elec- 
trode becomes depleted. The size of this depleted 
45 region depends upon the voltage applied to the 
gate electrode and upon the doping concentration 
of the silicon layer. At a higher absolute value of 
the voltage, this region is generally larger. On the 
contrary, at a higher doping concentration, the de- 
50 pleted region can extend only over a smaller dis- 
tance. With the integration on an increasingly larger 
scale of semiconductor circuit elements in semi- 
conductor devices and the reduction associated 
therewith of the transistors themselves, the dimen- 
sions in the semiconductor device are meanwhile 
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so small and especially^rc silicon layer has be- 
come so thin that it is possible for the depleted 
region to extend as far as the substrate. Due to the 
presence of the fixed positive charge in the transi- 
tional region or due to the presence of conductor 
tracks in the substrate, a surface potential at the 
interface can have a value different from that of the 
potential of the silicon layer, this surface potential 
moreover being unknown. If now the depleted re- 
gion extends as far as this interface, the threshold 
voltage of the field effect transistor will be influ- 
enced by this surface potential, but the extent to 
which this will be the case is not known beforehand 
due to the unknown value of the surface potential. 
As a result, the operation of the transistor is any- 
thing but certain. This should of course be avoided. 

The invention has for its object to provide a 
semiconductor device of the kind mentioned in the 
opening paragraph, in which the formation of the 
said parasitic channel is counteracted and in which 
it is further ensured that, when the semiconductor 
circuit element comprises a field effect transistor, 
the said depleted region cannot extend as far as 
the substrate. 

In order to achieve this, according to, the inven* 
tion, a semiconductor device of the kind mentioned 
in the opening paragraph is characterized in that 
the contact zone extends below the zones of the 
semiconductor circuit element of the second con- 
ductivity type. When the contact zone is applied to 
a given fixed voltage, because the contact zone 
extends between the zones of the semiconductor 
circuit element and the interface, a field can be 
built up in situ which compensates for the Held 
corresponding to the surface potential. Thus, the 
minority charge carriers in the silicon layers are no 
longer subjected to an attracting effect of the sub- 
strate so that the formation of the parasitic channel 
is counteracted. Moreover, the more highly doped 
contact zone forms - due to its high doping con- 
centration - in case the semiconductor circuit ele- 
ment is a field effect transistor a boundary for the 
said depleted region in the silicon layer, as a result 
of which this region cannot extend as far as the 
interface and the threshold voltage is not influ- 
enced by the surface potential at the interface. 
When the contact zone is applied to a fixed poten- 
tial, it is achieved that the threshold voltage has a 
fixed previously known value. 

The silicon layer will often be surrounded by 
an insulation region of silicon oxide in order to 
insulate the semiconductor circuit element from its 
surroundings. The said problems may also arise at 
an interface between the silicon layer and the in- 
sulation region in the same manner as at the inter- 
face between the silicon layer and the subjacent 
substrate. It is a surprise to find that these prob- 
lems are also counteracted when in the semicon- 
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ductor device the contact zone according to the 
invention entirely encloses the semiconductor cir- 
cuit element in the silicon layer. 

A preferred embodiment of the semiconductor 
5 device is characterized in that the contact zone 
comprises an implanted zone, which adjoins the 
surface beside the zones of the semiconductor 
circuit element and is located from this surface in 
the direction of the zones at a gradually larger 
to . depth in the silicon layer. A great advantage of this 
embodiment is, besides favourable contacting 
properties of the contact zone, that it can be manu- 
factured in a simple manner. This will appear fur- 
ther below. 

75 A particular embodiment of the semiconductor 

device according to the invention is characterized 
in that the semiconductor circuit element com- 
prises a field effect transistor having source and 
drain zones of the second conductivity type located 

20 in the silicon layer and in that the contact zone 
adjoins the subjacent substrate. As stated, the con- 
tact zone forms a boundary for the depleted region 
so that the latter cannot extend as far as the 
interface. On the other hand, it is desirable that the 

25 depleted region extends at a largest possible depth 
into the silicon layer. In fact a capacitance cor- 
responds to the substantially non-conducting de- 
pleted region between the gate electrode and the 
good conducting contact zone. According as the 

30 depleted region can extend to a larger depth into 
the silicon layer, a value of this capacitance is 
smaller. According as the value of the capacitance 
is smaller, the field effect transistor operates at a 
higher speed, which is desirable. If the contact 

35 zone adjoins the substrate, the depleted region can 
extend to the largest depth into the silicon layer, as 
a result of which the speed of the transistor is 
favourable influenced. 

A method of manufacturing a semiconductor 

40 device of the kind mentioned in the opening para- 
graph, in which in a silicon layer disposed on a 
dielectric substrate and having a first conductivity 
type a contact zone having the same conductivity 
type as, but having a higher doping concentration 

45 than the silicon layer and at least two zones of a 
semiconductor circuit element having a second op- 
posite conductivity type are formed, which zones 
adjoin a surface of the silicon layer, is character- 
ized according to the invention in that the silicon 

so layer is locally covered with a masking layer, in 
that an edge portion of the masking layer adjoining 
a part of the silicon layer not covered by the 
masking layer is bevelled, in that the contact zone, 
whilst being masked by the masking layer, is 

55 formed by ion implantation, an energy of the im- 
plantation and a thickness of the masking layer 
being tuned to each other so that the contact zone 
in the part of the silicon layer not covered by the 
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masking layer extends below a semiconductor re- 
gion, is located below the edge portion at a gradu- 
ally higher level in the silicon layer and adjoins the 
surface below a remaining part of the masking 
layer, and in that in the semiconductor region the 
zones of the semiconductor circuit element are 
formed. Thus, the bevelled edge portion is effec- 
tively imaged in the silicon layer in the form of the 
contact zone. As a resuft. in a surprisingly simple 
manner a gradual transition is obtained from the 
part of the contact zone located below the semi- 
conductor region to the part located at the surface. 

A preferred embodiment of the method accord- 
ing to the invention is characterized in that the 
masking layer comprises a photoresist layer and in 
that the edge portion is bevelled by subjecting the 
photoresist layer to a thermal treatment. Due to this 
thermal treatment, the photoresist layer Hows out a 
little, as a result of which the edge portion is 
bevelled so that the photoresist layer is particularly 
suitable to be used as an implantation mask for the 
contact zone. 

A particular embodiment of the method, in 
which the semiconductor circuit element comprises 
a field effect transistor having source and drain 
zones of the second conductivity type, is character- 
ized according to the invention in that, before the 
masking layer is provided, the silicon layer is cov- 
ered by a silicon oxide layer, in that a part of the 
silicon oxide layer not covered by the masking 
layer, whilst being masked by the masking layer, is 
etched away, in that above the semiconductor re- 
gion a gate electrode of the field effect transistor is 
formed, and in that in the semiconductor region the 
source and drain zones are formed by implantation, 
the gate electrode as well as the silicon oxide layer 
masking against this implantation. By the combined 
use of the masking layer as implantation mask for 
the contact zone and as etching mask for the 
silicon oxide layer, which silicon oxide layer is then 
used as an implantation mask for the source and 
drain zones, the source and drain zones are 
formed in a self-aligned manner with respect to the 
contact zone. Due to the masking effect of the gate 
electrode, the source and drain zones are more- 
over formed in a self-aligned manner with respect 
to the gate electrode. Thus, the source and drain 
zones become always located accurately in the 
correct position with respect to both the contact 
zone and the gate electrode. This structure is 
therefore sometimes designated as a double self- 
aligned structure. Thus, an additional mask with an 
associated alignment step, which is very critical, is 
then economized. 

The invention will now 0e described more fully, 
by way of example, with reference to a drawing. In 
this embodiment and in this drawing, the semicon- 
ductor circuit element comprises a field effect tran- 



sistor, but, as already stated above, the invention 
may advantageously be used in semiconductor de- 
vices comprising other types of semiconductor cir- 
cuit elements, such as, for example, bipolar transis- 

5 tors and thyristors. In the drawing: 

Fig. t shows diagrammatically in cross-sec- 
tion an embodiment of the semiconductor device 
according to the invention, 

Figures 2 to 7 show diagrammatically in 

jo cross-section a semiconductor device at succes- 
sive stages of manufacture by means of an em- 
bodiment of the method according to the invention, 
Figures 8 to 12 show diagrammatically in 
cross-section a semiconductor device at succes- 

75 sive stages of manufacture by means of another 
embodiment of the method according to the inven- 
tion, and 

Figures 13 and 14 show diagrammatically in 
cross-section a semiconductor device at succes- 
20 sive stages of manufacture by means of a third 
embodiment of the method according to the inven- 
tion. 

The Figures are schematic and not drawn to 
scale. For the sake of clarity, especially certain 

25 dimensions are greatly exaggerated. Correspond- 
ing parts are generally designated by like reference 
numerals. Semiconductor zones of the same con- 
ductivity type are generally cross-hatched in cross- 
section in the same direction. 

30 Fig. 1 shows diagrammatically in cross-section 

an embodiment of the semiconductor device ac- 
cording to the invention. In this case, the semicon- 
ductor device comprises a dielectric substrate 1 
having a base layer 1a of silicon and a top layer 1b 

as of silicon oxide. An approximately 0.5 urn thick 
monocrystailine silicon layer 2 of a first conductiv- 
ity type, in this case p-type. is disposed on the 
substrate 1. A contact zone 10 having the same 
conductivity type as, but a higher doping con- 

40 centration than the silicon layer 2 is present in the 
silicon layer 2. In this embodiment, the acceptor 
concentration in the silicon layer is about 5.1 0 1S 
cm" 3 and this concentration is in the contact zone 
approximately 5.10' 8 cm -3 , n-type source and 

45 drain zones 17 and 18, respectively, of a field 
effect transistor are further provided in the p_-type 
silicon layer. Both the contact zone 10 and the 
source and drain zones 17 and 18, respectively, 
adjoin a surface 3 of the silicon layer. A layer of 

so gate oxide 15 and a gate electrode 16 for control- 
ling the transistor are disposed on the silicon layer 
2. The assembly is covered by an insulating layer 
50, in which contact windows 26 to 29 are provided 
to contact the gate electrode 16, the contact zone 

55 10 and the source and drain zones 17 and 18, 
respectively. 

By means of the contact zone 10, the silicon 
layer can be applied to a fixed potential. If a given 
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fixed voltage is applied to^ie gate electrode 16 of 
the field effect transistor, there is a fixed potential 
difference between the gate electrode 16 and the 
silicon layer 2. A given switching condition of the 
transistor is associated with this potential differ- 
ence. When now the silicon layer 2 is held at a 
fixed potential, the switching condition only de- 
pends upon the voltage applied to the gate elec- 
trode 16. 

A transitional region 65 from amorphous silicon 
oxide to monocrystalline silicon is present at the 
interface 60 between the monocrystalline silicon 
layer 2 and the subjacent silicon oxide of the 
substrate 1. In this region both a a stoichiometric 
transition from Si02 to Si and a structure transition 
from an amorphous structure to a monocrystalline 
structure are obtained. This region 65 extends to 
about 30 A into the top layer 1b of the substrate. 
Due to the stoichiometric transition, this region 
contains fixed, mostly positive charge, indicated in 
the Figure by " + " symbols. This charge has a 
surface density of approximately 10 3 to 10 12 cm" 2 . 
Due to this charge, electrons are attracted from the 
silicon layer 2 to the interface 60, at which they 
should be selected to form a parasitic channel, 
which short-circuits the source and drain zones 17 
and 18, respectively. According to the invention, 
the contact zone 10 extends below the source and 
drain zones 17 and 18, respectively, of the field 
effect transistor. When the contact zone is applied 
to a given fixed voltage, an electric field can be 
built up here, which compensates for the electric 
field due to the surface potential, as a result of 
which the electrons are no longer attracted by the 
substrate and a channel of the kind described 
above cannot be formed. It should be noted that in 
this case channel formation with a £-type mon- 
ocrystalline silicon layer 2 and positive charge at 
the surface 60 is described only by way of exam- 
ple, but that such a channel formation may also 
occur if the silicon layer 2 is of the n-type or has a 
different crystal structure. If use is made of an re- 
type silicon layer 2, it should be considered that 
the parasitic channel is then a channel of holes. 
These holes may be attracted, for example, to the 
interface 60 due to the fact that the interface 60 
has a negative potential with respect to the silicon 
layer 2 due to any conductor tracks in the top layer 
1b. 

The fact that the contact zone 10 extends 
according to the invention below the source and 
drain zones 17 and 18. respectively, of the field 
effect transistor still has another advantage, how- 
ever. During operation of the transistor, in fact a 
potential will be applied to the gate electrode 16. 
As a result, in the silicon layer a region below the 
electrode 16 becomes depleted, that is to say that 
charge carriers are expelled therefrom. The size of 



this region^enerally depends upon the voltage 
applied to the gate electrode 16 and upon the 
doping concentration in the silicon layer 2, Accord- 
ing as the applied voltage is larger, the depleted 
5 region 55 is also larger; on the contrary, according 
as the doping concentration is larger, the depleted 
region 55 can extend over a smaller distance. Due 
to the fact that the contact zone 10 doped more 
highly than the silicon layer 2 extends according to 
jo the invention below the source and drain zones 17 
and 18, respectively, of the field effect transistor, 
the contact zone 10 forms a boundary for said 
depleted region 55. As a result, the depleted region 
55 cannot extend as far as the substrate 1. Espe- 
i5 daily with thin-film transistors, such as, for exam- 
ple. SOI transistors, the silicon layer 2 has such a 
small thickness that this would otherwise be possi- 
ble indeed. This would then result in that in that 
case the threshold voltage of the transistor is influ- 
20 enced by a surface potential at the interface 60 
between the silicon layer 2 and the substrate 1. 
Due to the fact that this surface potential is not 
known previously and moreover can have a con- 
stantly varying value, the operation of the transistor 
25 would thus be anything but certain. When the con- 
tact zone 1 0 is applied to a given fixed voltage, it is 
achieved that the threshold voltage is not influ- 
enced by the surface potential and has a fixed 
known value. 

30 In this embodiment, according to the invention, 

the contact zone 10 entirely encloses the field 
effect transistor in the silicon layer 2. In many 
cases, the silicon layer 2 is in fact enclosed by an 
insulation region 70 of silicon oxide, as a result of 

35 which the layer 2 is electrically insulated from any 
other silicon layers present on the substrate. In this 
case, a parasitic channel shortcircuiting the source 
and drain zones 17 and 18, respectively, of the 
field effect transistor could be formed also at an 

40 interface 75 between the silicon layer 2 and the 
surrounding insulation region 70 in the same man- 
ner as at the interface between the silicon layer 2 
and the subjacent substrate 1, while the threshold 
voltage could be influenced by a surface potential 

45 at said interface 75. However, due to the fact that 
the contact zone 10 entirely encloses the field 
effect transistor in the silicon layer 2, these prob- 
lems are counteracted in the same manner as 
described above. 

so In the embodiment of the semiconductor de- 

vice shown in Fig. 1, the contact zone 10 adjoins 
according to the invention the subjacent substrate 
1. During operation of the transistor, the depleted 
region 55 will in fact extend in the silicon layer 2. 

55 Substantially ail charge carriers are expelled from 
the depleted region 55 so that this region can be 
considered as a dielectric. As already stated, the 
depleted region can extend at most to the contact 
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zone. In this case, the dielectric depleted region is 
adjoined on one side by the good conducting con- 
tact zone 10 and on an opposite side by a good 
conducting gate electrode 16. Thus, the depleted 
region corresponds to a capacitance whose value 
is approximately inversely proportional to the depth 
1_ over which the depleted region extends in the 
silicon layer and in this case therefore the depth at 
which the contact zone 10 is located in the silicon 
layer. According as the depth is larger, the capaci- 
tance is therefore smaller and hence the field effect 
transistor has a higher speed. 

The contact zone 10 can be obtained both by 
diffusion and by ion implantation. According to the 
invention, the contact zone 10 comprises, however, 
an implanted zone, which adjoins beside the 
source zone 17 and the drain zone 18 the surface 
3 of the silicon layer 2 and is located therefrom at 
a gradually larger depth in the silicon layer 2. As 
will appear below, this embodiment of the semicon- 
ductor device can be manufactured in a particularly 
simple manner. 

In general, both the zones 17 and 18 of the 
semiconductor circuit element and the contact 
zone 10 will have a comparatively high doping 
concentration. Therefore, a certain space must be 
present between the contact zone 10 on the one 
hand and the source and drain zones 17 and 18. 
respectively, on the other hand to counteract volt- 
age breakdown phenomena which are due to large 
potential differences between the contact zone and 
the zones of the semiconductor circuit element 
occurring during operation of the semiconductor 
circuit element. It has been found that such voltage 
breakdown phenomena do not occur at practically 
usual operating voltages of the transistor if the 
distance d1 according to the invention between the 
source and drain zones 17 and 18, respectively, on 
the one hand and the contact zone 1 0 on the other 
hand is larger than 0.35 urn- 
According to the invention, the contact zone 10 
further has at the surface 3 locally a higher doping 
concentration than at other areas; this is indicated 
in the figure by a finer cross-hatching of the con- 
tact zone 10 in situ . As already stated, the contact 
zone is obtained by ion implantation. In practice, 
however, it is not possible to implant a sharply 
defined contact zone, but in the contact zone the 
doping concentration will increase from a back- 
ground concentration of the silicon layer to a cer- 
tain maximum doping concentration. If the contact 
zone does not exhibit this maximum doping con- 
centration at the surface 33, a satisfactory contact- 
ing can nevertheless be attained in this region due 
to the fact that according to the invention the 
contact zone 10 locally has a higher doping con- 
centration at the surface 3. 

With reference to Figures 2 to 8, an embodiment of 



the method according to the invention will now be 
described more fully. 

The starting material (see Fig. 2) is a monocrystal- 
line silicon layer 2 of a first conductivity type, in 

5 this embodiment p-type. having a surface 3 and 
disposed on a dielectric substrate 1 . The substrate 
is made in this embodiment of silicon oxide. The 
silicon layer 2 disposed thereon has a thickness of, 
for example. 0.5 um and a doping concentration of 

w approximately 5.10 ,s cm" 3 . At a later stage, a 
contact zone having the same conductivity type as, 
but a higher doping concentration than the silicon 
layer 2 and source and drain zones of a field effect 
transistor of a second opposite conductivity type 

75 are formed in the silicon layer 2 in such a manner 
that the said zones adjoin the surface 3. For this 
purpose, according to the invention, the silicon 
layer 2 is locally covered by a masking layer 5. 
The masking layer 5 is patterned in a usuai manner 

20 so that a part 2a of the silicon layer 2 is not 
covered thereby. The masking layer 5 adjoins this 
uncovered part 2a of the silicon layer 2 with an 
edge portion 6 (cf. Fig. 8). 

According to the invention, the edge portion 6 

25 of the masking layer 5 adjoining the part 2a of the 
silicon layer 2 not covered by the masking layer 5 
is then bevelled. Preferably, according to the inven- 
tion, a photolacquer layer is used as a masking 
layer 5. In this embodiment, for this purpose use is 

30 made of a layer of the photolacquer HPR 204 
marketed by Hunt, it should be noted, however, 
that within the scope of the invention other kinds of 
layers and other photolacquer layers may also be 
used. When another layer is used as a masking 

as layer, in many cases another oblique form of the 
bevelled edge portion will be obtained, which may 
be desirable in given circumstances. The edge 
portion 6 of the photolacquer layer 5 is bevelled 
according to the invention in that the photolacquer 

40 layer 5 is subjected to a thermal treatment. For this 
purpose, the assembly is arranged in a furnace for 
30 minutes at a temperature of approximately 
145*C. Due to the increased temperature, the 
photolacquer layer 5 will How out a little and will 

45 assume under the influence of its surface tension in 
the edge portion 6 the desired bevelled form (cf. 
Fig. 3). 

Subsequently, according to the invention, whilst 
masking by the masking layer 5, a p_-type contact 

so zone 10 is formed in the silicon layer 2 by ion 
implantation. With this implantation, an energy 
thereof. Le. of the ions to be implanted, and a 
thickness d2 of the masking layer are tuned to 
each other in such a manner that the contact zone 

55 1 0 in the part 2a of the silicon layer 2 not covered 
by the masking layer 5 extends below a semicon- 
ductor region 1 1 , is located below the edge portion 
6 at a gradually higher level in the silicon layer 2 
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and adjoins the surface JTetow a remaining part of 
the masking layer 5 (cf. Fig. 4). In this embodi- 
ment, the implantation is carried out with boron 
ions having an energy of about 240 keV and a 
dose of approximately 10 1 " 3 cm" 2 . The masking 
layer 5, which is formed in this embodiment by a 
photolacquer layer, has a thickness d2 of approxi- 
mately 1.9 urn. Due to the fact that the edge 
portion 6 is bevelled, the thickness of the masking 
layer gradually decreases m situ , as a result of 
which a masking effect of the masking layer also 
decreases and the contact zone 10 is formed at a 
larger depth in the silicon layer. Thus, the masking 
layer 5 and especially the oblique edge portion 6 
thereof is effectively imaged in the form of the 
contact zone 10 in the silicon layer 2. Due to a 
gradual variation of the thickness of the bevelled 
part 6 of the masking layer, a gradual transition is 
obtained in the contact zone 10 from the part 
adjoining the surface 3 to the part extending below 
the semiconductor region 1 1 . Thus, in a simple 
manner a continuous contact zone 10 is obtained, 
which permits a satisfactory contacting of the sili- 
con layer and by which moreover the objects to be 
achieved in accordance with the invention are re- 
alized. 

Subsequently, the masking layer 5 is removed 
and the silicon layer 2 is covered by thermal oxida- 
tion with an approximately 50 nm thick layer of 
gate oxide 15, whereupon above the semiconduc- 
tor region 1 1 a gate electrode 1 6 is formed from 
polycrystalline silicon on the gate oxide 15 (cf. Fig. 

5) . 

The assembly is then covered by a second 
photolacquer layer 20. which is patterned in a usual 
manner so that a part of the gate oxide layer 15 is 
not covered thereby (cf. Fig. 6). Subsequently, 
according to the invention, the source and drain 
zones 17 and 18. respectively, of the field effect 
transistor, which adjoin the surface 3 of the silicon 
layer 2, are formed in the semiconductor region 11. 
For this purpose, in this case an implantation of 
arsenic ions having an energy of about 100 kev* 
and a dose of about 5.10 lS cm 2 cm 2 is carried out. 
both the photolacquer layer 5 and the gate elec- 
trode 16 masking against this implantation (cf. Fig. 

6) . 

An approximately 0.5 urn thick silicon oxide 
layer 25 is then formed on the assembly, for exam- 
ple, by depositing the layer from a gas mixture of 
tetraethyl orthosilicate at a reduced pressure. Sub- 
sequently, in a usual manner contact windows 26 
to 29 are etched into the silicon oxide layer 25 and 
the underlying gate oxide 15 and these windows 
are then filled with a contact metallization 30 in 
order to contact the gate electrode 16, the contact 
zone 10 and the source and drain zones 17 and 18, 
respectively. For this purpose, for example, an ap- 
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proximately iTl urn thick layer of aluminium can be 
applied by sputtering to the assembly and this 
layer can subsequently be etched into a desired 
pattern. Thus, the situation of Fig. 7 is obtained. 
5 A particular embodiment is illustrated with ref- 

erence to Figures 8 to 12. The starting material is 
again a p_*type monocrystatline silicon layer 2 hav- 
ing a surface 3 and disposed on a silicon oxide 
substrate 1. The silicon layer 2 is covered by 
to thermal oxidation with an approximately 0.13 w.m 
thick layer of silicon oxide 4 (cf. Fig. 8). This 
oxidation is carried out, for example, for 1 hour in 
an atmosphere of steam at a temperature of about 
900* C. Subsequently, the silicon oxide layer 4 is 
rs locally covered in accordance with the invention 
with a masking layer 5. The masking layer 5 is 
patterned for this purpose in a usual manner so 
that a part 2a of the silicon layer 2 and a part 4a of 
the silicon oxide layer 4 located above it are not 
20 covered thereby (cf. Fig. 8). 

Subsequently, according to the invention, an 
edge portion 6 of the masking layer is bevelled 
whilst being masked by the masking layer 5. a re- 
type contact zone 10 is formed in the silicon layer 
25 by implantation of boron ions and the part 4a of the 
silicon oxide layer 4 is etched away whilst being 
masked by the masking layer 5 so that the situ- 
ation of Fig. 9 is obtained. The contact zone 10 
adjoins the surface 3 of the silicon layer and ex- 
30 tends below a, semiconductor region 11, in which at 
a later stage source and drain zones of a field 
effect transistor are formed. The boron ions are 
implanted in this embodiment at an energy of 
about 240 keV and a dose of about 10 13 cm -2 . By 
35 the said etching step, the pattern of the masking 
layer 5 is transferred to the silicon oxide layer 4. 

Subsequently, the masking layer 5 is removed 
and an approximately 50 nm thick layer of gate 
oxide 15 is deposited by thermal oxidation on the 
40 uncovered part 2a of the silicon layer 2. The as- 
sembly is then covered with a layer of polycrystal- 
line silicon, which is subsequently doped with 
phosphorus, as a result of which the layer becomes 
electrically good conducting. From the polycrystal- 
45 line silicon layer, according to the invention, a gate 
electrode 16 is formed by masking and etching 
above the samiconductor region 1 1 (cf. Fig. 1 0). 

Subsequently , according to the invention, the 
source and drain zones 17 and 18, respectively, 
so (cf . Fig. 11 ) of the field effect transistor are formed 
in the semiconductor region 1 1 . For this purpose, 
according to the invention, an implantation with 
arsenic ions is carried out. against which both the 
gate electrode 16 and the silicon oxide layer 4 
55 mask. In this embodiment, the arsenic ions are 
implanted at an energy of about 100 keV and a 
dose of about 5.1 0 1S cm" 2 . Due to the masking 
effect of the gate electrode 16. the source and 
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drain zones 17 and 18, respectively, are formed in 
a self-aligned manner with respect thereto, while 
the zones 17 and 18 are also formed in a self- 
aligned manner with respect to the contact zone 10 
due to the masking effect of the silicon layer. In 
fact, as already stated above, the pattern of the 
masking layer 5, which is used as a mask whilst 
forming the contact zone 10 in the silicon layer 2. 
is transferred by the use of the masking layer 5 as 
an etching mask for the silicon oxide layer 4 to the 
silicon oxide layer 4. In this connection, the term 
"double self-aligned" structure is sometimes used 
(cf: Fig. 11). An advantage of this embodiment of 
the method is that now the use of a second 
photolacquer layer, as described in the preceding 
embodiment, and a fairly critical alignment step of 
the mask then required are avoided. 

Subsequently, in the manner already described 
above, the assembly is covered with a silicon oxide 
layer 25. whilst contact windows 26 to 29 are 
etched into this layer and into the subjacent silicon 
oxide layer 4 or 15 in an also usual manner, 
whereupon the contact windows 26 to 29 are filled 
with a contact metallization 30 so that the situation 
of Fig. 12 is obtained. 

A third embodiment of the method according to 
the invention will now be described more fully with 
reference to Figures 13 and 14. In this embodi- 
ment, there is started from the situation of Fig. 11, 
although the following steps may also be used 
starting from Fig. 6. 

After the situation of Fig. 1 1 has been obtained, 
an.- insulating layer 35 is provided on the assembly 
(cf. Fig. 13). In this embodiment, for this purpose 
an approximately 0.5 urn thick silicon oxide layer is 
used. Subsequently, according to the invention, a 
contact window 26 is etched in a usual manner into 
the silicon oxide layer 25 and into the underlying 
silicon oxide layer 4 above a part of the contact 
zone 10 adjoining the surface 3. According to the 
invention, an implantation with boron ions is then 
carried out over the assembly at an energy of 
about 30 keV and a dose of, for example. 3.1 0 15 
cm -2 , as a result of which the doping concentration 
in the contact zone 10 at the area of the contact 
window 26 becomes higher than at other areas. 
This high doping concentration is indicated in Fig. 
1 3 by a finer cross-hatching. 

Subsequently, contact windows 27 to 29 are 
etched into the insulating layer also above the gate 
electrode 16 and the source and drain zones 17 
and 18, respectively, after which all contact win- 
dows 26 to 29 are filled with a contact metallization 
30 by applying by sputtering an approximately 1.1 
am thick aluminium layer to the assembly and 
etching the latter into a desired pattern. Thus, the 
configuration shown in Fig. 14 is obtained. 

It should be appreciated that within the scope 



of the invention many further variations are possi- 
ble for those silled in the art. so that many other 
semiconductor devices may be manufactured by 
the use of the invention. Thus, in general, in the 

s embodiments described, the conductivity types 
may be replaced (all simultaneously) by the op- 
posite types. Further, the said insulating layer, the 
said dielectric substrate and the said masking layer 
may also be replaced by other fayers without de- 

io parting from the scope of the invention. In general 
sense, the invention is of major importance for 
semiconductor devices in which a semiconductor 
circuit element is formed in a silicon layer disposed 
on a dielectric substrate. 

Claims 

1. A semiconductor device comprising a silicon 
20 layer of a first conductivity type, which is disposed 

on a dielectric substrate and in which at least two 
zones of a semiconductor circuit element of a 
second opposite conductivity type and a contact 
zone having the same conductivity type as. but a 

25 higher doping concentration than the silicon layer 
are provided, which zones adjoin at least substan- 
tially the surface of the silicon layer, characterized 
in that the contact zone extends below the zones of 
the semiconductor circuit element of the second 

30 conductivity type. 

2. A semiconductor device as claimed in Claim 
1, characterized in that the contact zone encloses 
entirely the semiconductor circuit element in the 
silicon layer. 

as 3. A semiconductor device as claimed in Claim 

1, or 2, characterized in that the contact zone 
comprises an implanted zone which adjoins the 
surface beside the zones of the semiconductor 
circuit element and is located from this surface in 

40 the direction of the zones at a gradually larger 
depth in the silicon layer. 

4. A semiconductor device as claimed in Claim 
1 or 2, characterized in that the semiconductor 
circuit element comprises a field effect transistor 

45 having source and drain zones of the second con- 
ductivity type located in the silicon layer, and in 
that the contact zone adjoins the subjacent under- 
lying substrate. 

5. A semiconductor device as claimed in Claim 
so 4, characterized in that the distance between the 

source and drain zone and the contact zone is 
larger than 0.35 urn. 

6. A semiconductor device as claimed in any 
one of the preceding Claims, characterized in that 

55 the contact zone has at the surface locally a higher 
doping concentration than at other areas. 
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7. A method of manurScturing a semiconductor 
device as claimed in any one of the preceding 
Claims, in which in a silicon layer of a first con- 
ductivity type which is located on a dielectric sub- 
strate are formed a contact zone having the same 5 
conductivity type as, but a higher doping con- 
centration than the silicon layer and at least two 
zones of a semiconductor circuit element having a 
second opposite conductivity type are formed, 
which zones adjoin a surface of the silicon layer, w 
characterized in that the silicon layer is locally 
covered with a masking layer, in that an edge 
portion of the masking layer adjoining a part of the 
silicon layer not covered by the masking layer is 
bevelled, in that the contact zone, whilst being rs 
masked by the masking layer, is formed by ion 
implantation, an energy of the implantation and a 
thickness of the masking layer being tuned to each 
other so that the contact zone extends below a 
semiconductor region in the part of the silicon layer 20 
not covered by the masking layer is located below 
the edge portion at a gradually higher level fn the 
silicon layer and adjoins the surface below a re- 
maining part of the masking layer, and in that the 
zones of the semiconductor circuit element are 25 
formed in the semiconductor region. 

S. A method as claimed in Claim 7. character- 
ized in that the masking layer comprises a 
photoresist layer, and in that the edge portion is 
bevelled by subjecting the photoresist layer to a 30 
thermal treatment. 

9. A method as claimed in Claim 7 or 8, in 
which the semiconductor circuit element comprises 
a field effect transistor having source and drain 
zones of the second conductivity type, character- 35 
ized in that, before the masking layer is provided, 

the silicon layer is covered by a silicon oxide layer, 
in that a part of the silicon oxide layer not covered 
by the masking layer, whilst being masked by the 
masking layer, is edged away, in that above the 40 
semiconductor region a gate electrode of the field 
effect transistor is formed, and in that in the semi- 
conductor region the source and drain zones are 
formed by implantation, the gate electrode as well 
as the silicon oxide layer masking against this 45 
implantation. 

1 0. A method as claimed in Claim 9, character- 
ized in that after the source and drain zones have 
been formed, an insulating layer is provided on the 
assembly, whereupon 6 the contact zone is given so 
locally a higher doping concentration at the surface 

in that a window is etched in said insulating layer 
and subsequently an implantation is carried out. 
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